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Introduction



Results: Discovery and Non-discovery

® Higgs Boson

CMS Preliminary m, = 125.7 GeV

Standard Model like (spin and coupling "=
m? =125.4+0.37(star) £ 0.18(syst)GeV (ATLAS) " —=—

H— WW

mil =125.7x0.3(stat) £ 0.3(syst)GeV  (CMNS) S I

H-ZZ
n=0.92+0.28
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® No discovery/evidence of physics beyond the
Standard Model (BSM)

- constraint simple supersymmetry models



ATLAS SUSY Searches™ - 95% CL Lower Limits

ATLAS Preliminary

3 gen.

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus

eoretical signal cross section uncertai

6

Status: SUSY 2013 [L£dt=(46-229)fb" +s5=7,8TeV
Model e T,y Jets ET™ [Ldt[b™] Mass limit Reference
T T T T I T T T T T T T T I T T T T T T T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 q,8 1.7TeV m(G)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM lepu 3-6 jets Yes 20.3 [ 1.2 TeV any m(g) ATLAS-CONF-2013-062
" MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 [ 1.1 TeV any m(ﬁ) 1308.1841
2 45 5ogt) 0 26jets  Yes 203 |d 740 GeV mm) -0GeV ATLAS-CONF-2013-047
S g g—)qq){? 0 26jets Yes 203 |& 1.3 TeV m(X1)=O GeV ATLAS-CONF-2013-047
g ZE, g_,qq)(lﬁquixl 1eu 3-6 jets Yes 20.3 g 1.18 TeV m(/\(1)<200 GeV, m(¥*)=0.5(m(¥?)+m(&)) ATLAS-CONF-2013-062
N7 3 g—>gq(€€/€v/vv)/\(1 2epu 0-3 jets - 203 | & 1.12 TeV m(¥1)=0 GeV ATLAS-CONF-2013-089
© | GMSB (/ NLSP) 2epu 2-4jets  Yes 47 tang<15 1208.4688
k%) GMSB (Z NLSP) 1-21 0-2 jets Yes 20.7 g 1.4 TeV tang >18 ATLAS-CONF-2013-026
S GGM (bino NLSP) 2y - Yes 48 m(72)>50 GeV 1209.0753
£ GGM (wino NLSP) lepu+y - Yes 4.8 m(t9)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥?)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
S E— bB)?O‘l’ 0 3b Yes  20.1 g 1.2 TeV m(£9)<600 GeV ATLAS-CONF-2013-061
GE) gttt 0 7-10jets  Yes 203 |g 1.1 TeV m(EY) <350 GeV 1308.1841
. g_>ﬁ:)?1+ 0-1eu 3b Yes 201 |& 1.34 TeV m(¥?)<400 GeV ATLAS-CONF-2013-061
g— bty 0-1eu 3b Yes 201 |& 1.3 TeV m(¥?)<300 GeV ATLAS-CONF-2013-061
biby, b1—>bX% 0 2b Yes 201 b 100-620 GeV m(¥?)<90 GeV 1308.2631
w o biby, by—ti] 2e,u(SS) 0-3b Yes  20.7 by 275-430 GeV m(¥7)=2 m(¥?) ATLAS-CONF-2013-007
=9 %¥(ight), f —bi7 1-2e,pu 1-2 b Yes 47 |4 11 m(¥2)=55 GeV 1208.4305, 1209.2102
g g t1 %, (light), t1—>WbX1 2e,u 0-2 jets Yes 20.3 t 130-220 GeV m(/??) m(%)-m(W)-50 GeV, m(F;)<<m(¥7) | ATLAS-CONF-2013-048
9‘,‘8 f1f (medium), t1—>t,\,/1 2e,pu 2 jets Yes 20.3 it 225-525 GeV mm) -0 GeV ATLAS-CONF-2013-065
< S_ 1 (medium), t1—>13)(1 0 2b Yes 20.1 El 150-580 GeV m(/\(1)<200 GeV, m(¥7)- m(X1) =5GeV 1308.2631
Do t1ti(heavy), & —t¥ 1e,pu 1b Yes 207 |& 200-610 GeV mm) =0GeV ATLAS-CONF-2013-037
5 O hii(heavy), t1—>t)(1 0 2b Yes 205 | 320-660 GeV m(¥?)= =0GeV ATLAS-CONF-2013-024
»T hh, f—cth 0 mono-jet/ctag Yes 203 | 1§ 90-200 GeV m(F,)-m(¥7)<85 GeV ATLAS-CONF-2013-068
11 (natural GMSB) 2e,u(2) 1b Yes 207 |& 500 GeV m(£%)>150 GeV ATLAS-CONF-2013-025
b, hoh +Z e u(2) 1b Yes 207 |t 271-520 GeV m()=m(¥1)+180 GeV ATLAS-CONF-2013-025
O RlLR, NG 2e,pu 0 Yes 203 |¢ 85-315 GeV m(¥3)=0 GeV ATLAS-CONF-2013-049
5 X!.r)(l X+—>€v(fv) 2ep 0 Yes 203 [i} 125-450 GeV m(¥%)=0 GeV, m(Z, #=0 (de)er()?‘{)) ATLAS-CONF-2013-049
= o )(1 X )(1 —7y(17) 27 - Yes 207 | & 180-330 GeV m(¥1)=0 GeV, m(#, =0 (m(/\71 )+m(/\?1)) ATLAS-CONF-2013-028
W S X1X8—>€Lv€&f(vv) 65l () 3epu 0 Yes 20.7 ,\:/i)g" 600 GeV mET)=m(¥3), m(¥3)=0, m(Z, #)=0.5(m(¥T)+m(¥})) ATLAS-CONF-2013-035
XWX Z)((JJ 3epu 0 Yes 207 o 315 GeV mwr)ﬂnwg), m(¥2)=0, sleptons decoupled | ATLAS-CONF-2013-035
Xils—WEIhY, 1eu 2b Yes 20.3 i 285 GeV m(EE)=m(¥3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-093
8 @ Direct ¥ {1 prod., long-lived %7 Disapp. trk 1 jet Yes 203 |& 270 GeV m(F5)-m(¥1)=160 MeV, 7(¥5)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R hadron 0 1-5jets  Yes 22.9 g 832 GeV m(¥9)=100 GeV, 10 us<r()<1000 s ATLAS-CONF-2013-057
DT GMSB, stable 7, Bo#(8, i)+r(e, u) 121 - - 15.9 = 10<tanB<50 ATLAS-CONF-2013-058
8 g GMSB X1—>yG long-lived X? 2y - Yes 4.7 0.4<7(¥))<2 ns 1304.6310
= 4§, ¥3—qqu (RPV) 1, displ. vtx - - 203 |@ 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(t})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, 7r—>e +u 2epu - - 4.6 241,=0.10, 13,=0.05 1212.1272
LFV pp—v. + X, ¥r—e(u) + 7 leu+t - - 4.6 A41,=0.10, 2;(2)33=0.05 1212.1272
> B|I|near RPV CMSSM 1eu 7 jets Yes 4.7 m(g)=m(g), ctrsp<1 mm ATLAS-CONF-2012-140
%: X )(1 X+—>WX1 X?—»eev#, euve 4epu - Yes 20.7 X/i 760 GeV m(/\?1)>300 GeV, 112,>0 ATLAS-CONF-2013-036
Xy k1, SWH, H o176, e1i; Sepu+T - Yes 207 |X; 350 GeV m(/\,’1)>80 GeV, /1133>o ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tt, t1—obs 2e,u(SS) 0-3b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
L Scalar gluon pair, sgluon—qgq 0 4 jets - 4.6 | sgluon ~ 100-287 GeV incl. limit from 1110.2693 1210.4826
L Scalar gluon pair, sgluon—tz 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
&  WIMP interaction (D5, Dirac x) 0 mono-jet  Yes  10.5 / m(y)<80 GeV, limit of<mm\ ATLAS-CONF-2012-147
1 1 1 1 I 1 1 L 1 1 1 I 1 1 1 1 1 1 1
‘/_ =8 TeV -1
- - full data 10 1 Mass scale [TeV]



End of LHC Revolution?

. Naturalness problem
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Naturalness in electron mass and Higgs mass
Murayama(’94)

—Electron mass

Classical E&M Chiral Symmetry (softly-broken by me)

+positron
o P
T 103 tuning (A'=10%m) 27 e
_H|ggs mass { Fermion < Boson )
SM SUSY (softly-broken by Msusy)
) +SUSY particle ) )
_ 8 g A

Msusy is not too far from weak-scale=Expect TeV SUSY!
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Two Tensions in SUSY



Tension |: Naturalness VS mp=125 GeV
m; =A,v> Quartic coupling—Higgs mass

® Tree-level upper bound in the minimal model: MSSM

2 2
m, =m_cos2f <91GeV 2, <& ;gz

tan[)’zv—”
Vi
® Need large radiative corrections
3wt om? ox (. x| need large m
Am? =T jog Ty Sl o S| | &€ Mstop
4w” v i m, m. 12m; . X, =A —ucotp
Effective quartics _
t t . t
- - - - - - Se LTSN LY S t o~~~ i il alililie
A K =< T
—_— - —_— - e \\_al “a e S S i S —

Okada, Yamaguchi, Yanagida (1991)/Ellis, Ridolfi, Zwirner(1991)/Haber, Hempfling(1991)
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Tension |: Naturalness VS my=125 GeV

m; =A,v> Quartic coupling—Higgs mass

® Tree-level upper bound in the minimal model: MSSM

2 2
m, =m_cos2f <91GeV 2, <& ;gz

tan[)’zv—”
Vi
® Need large radiative corrections
Sl o x2( x2 Y need large m
Am,f: 2m£ logmf2+ Sl 1—-—— | & stop
4w” v i m, m. 12m; . X, =A —ucotp

Large mscop drastically changes Higgs mass parameters

. 2
fine-tuning of <1% Himé _ ;ytz Qmi+1A P)
81

du
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Fine-tuning and stop mass y
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Tension Il: No SUSY signal in direct search

® [Er™ss searches constraint simple models like CMSSM

SUSY Event at LHC Limit ATLAS multijet 20fb-!, 8TeV

ag production; g— q i? g—qq i? m=0.96m,

%‘ 1800 : 1 1 1 I I 1 1 .I |' I I | 1 I 1 I I I I | 1 I I I I 1 1 I I I I
9-_1 600 :_ATLAS Prellmmary s Observed limit (1 ciléoss) —:

T - _[ Ldt=203fb", Vs=8TeV
1400 :_ 0-lepton combined ===~ Expected imit (£10,) _:
1200 -]
1000 [ —]
mLSPsoo — -
600 | —
w0~ -
i ]
200 [ —
: 1 1 I 1 1 1 I 1 L 1 | 1 1 1 I 1 L 1 | 1 L 1 I 1 1 1 1 [ W
200 400 600 800 1000 1200 1400 1600 1800

mgluino(% msquark) mlGe]

/i\T’ 5ﬂ\ ﬁng =m, 2 1.7 TeV]% 1TeV (Am < 300GeV)
— ,

\.

weaker limit for compressed spectrum

v Scherk-Schwarz breaking  Murayama, Nomura, Shirai, KT (‘12)
13



Tension Il: No SUSY signal in direct search
stop limit

400

300

200

100

T, production,t, - b7, 7. —> W

Status: SUSY 2013

. ATLAS Preliminary L, =20-21 b {s=8 TeV L.,

— 0L, M, _m~o+5GeV
-12Lm —106GeV
-1Lm =150 GeV
/2L m,. -m~ 10 GeV
-12|_m _2><m4)

— Observed Ilmlts
All limits at 95% CL

200

=4.7f"Vs=7 TeV _|

0L 1308.2631 - —
2L [1208.4305], 1-2L [1209.2102] —|

1L CONF-2013-037, OL 1308.2631 - —

2L ATLAS-CONF-2013-048 -

1L CONF-2013-037, 2L CONF-2013-048 1-2L [1209.2102]

---= Expected limits ]

300 400

M_o [GeV]

300

250

200

150

100

50

tt1product|on t—>tx /t—>be /t—>cx

Status: SUSY 2013

- (Observed limits
All limits at 95% CL

- ATLAS Preliminary

=moL Tty
—.1L,t—>t)¢6
-2Lt—>t)(6
-2L,t—>be

E=oL mono-Jet/c tagt—>cx

CDF 2.6 fb™' [1203.4171]

300

Ly =20-21f0"Vs=8TeV L, =4.7fb"Vs=7TeV_]

OL CONF-2013-024
1L CONF-2013-037
2L CONF-2013-065
2L CONF-2013-048
OL mono-jet/c-tag CONF-2013-068

Expected limits

500

0L [1208.1447]
1L [1208.2590]
2L [1209.4186]

600 700

my [GeV]



Focus

Higgs Mass

Missing
Naturalness of 125 GeV

Sparticles

Experimental loopholes?
e.g.) RPY, Compressed ..

13 win




| - Higgs Mass
of 125 GeV

Missing

Naturalness

Sparticles

Experimental loopholes?
e.g.) RPV, Compressed ..

Natural Higgs sector beyond MSSM



Beyond MSSM



Beyond MSSM

Attempts beyond MSSM to accommodate Higgs mass.

e.g.
* New gauge group non-decoupling D-term

* New field (iso-triplet, singlet) non-decoupling F-term

» Two singlets (Dirac NMSSM)

Usually, new states should be at a few 100 GeV due to
naturalness, but in Dirac NMSSM a new state relevant
to non-decoupling effect is not necessarily light.

Large SUSY breaking and naturalness are compatible.

18



Mk Non- decoupllng effect in NMSSM

7%

W :) ASH H _|_ MS /2 _|_ ‘uH H Nomura, Poland, Tweedie ('05)

Dine, Seiberg, Thomas('07)

= V DIF, I2:I/1Hqu+MS > oo, H, @, H,
AN / \ /
New quartic N7 X ”
M2 P )¢ « —z)\M>_ _)S_ —( —IAM
2 . 2 / N
' (1 M?*+m; j M H, “Hy  Hy Ny
Non-decoupling: SUSY breaking ms needed
m; 3 m' . m’
mi:m300322,3+/12(M : jsln 2ﬂ+477:2 i t
Fine-tuning
d A’ 3y’ :
U—my, >~ Zm? + 22 2mE+ 1 A, P Large msis unnatural!

du " 8n 3T
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v, Tension in NMSSM

2 3 m .-

. 2
sin“ 20+ L log —L
j P A7 v° gmf

m, = m, cos’ 2[3+lz[

M?* +m;

Non-decoupling . MSSM limit
Singlet feedback Small Higgs mass at tree
fine-tuning Need large stop mass
uimHu% 122 m; + 3y32 @m2+1A )  fine-tuning

87T 87T

20



Dirac NMSSM

Lu, Murayama, Ruderman, KT

W o> ASH H,+MS*/2+uH H,

|

W o> ASH H,+MSS+uH H,

18 min Dirac mass of singlets

21



Non decoupllng effect in Dirac NMSSM

= V:>IFS I2:I7LHqu+MS |2 H, H, H, H,
AN / \ /
New quartic h ’_/Mz » o
, )¢ —MM>_ > —tAM
M PN S
2| 1 2 A AN

FERUTANTI

Non-decoupling: SUSY breaking Msphar needed

“=m.cos 2B+ A" m§ sin” 23 + 3_m lo ;-
m, =m
" g M*+m 4i’ v* . t
Fine-tuning Large msparis OK
d A’ 3y’ compatible
uLm, L+ 22 Qmi 1A P P
du " 8w 8T Naturalness < Non-decoupling

22



>10TeV mg

~TeV M

Mass

20 win
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Symmetr

WoASH H,+MSS+uH H,

Matter H, Hg; S S w o M| €, em
Ul)pg | —1/2 1 1 -2 -2 -2 4 | -2 4
U(l)g 0 0 0 0 1 o -1 0 -1

Forbidden ~ $.5°.5%.5°8 ’
Suppressed  (6,€,)"M . S*,(€,€,)’S", €,€,55"

Adequate (€€ IM S W S couMS

Ve = mi, |Hul> + m¥, | Hal* + m3|S)* + m%|5)7
+MNANSH H;+ MBgSS + uBH, Hy +1t55 +1t5S5 + c.c.

24



Ww- < 1 | Whether higher order radiative corrections is really 0K for naturalness?? 2min!! &

Naturalness vs radiative corrections

In M—0 limit MSSMA+ S f—— § ) m3
effects of § must decouple >(10 TeV)>

25



Naturalness vs radiative corrections

In M—0 limit MSSMA+ S f—— § ) m3
effects of § must decouple >(10 TeV)>

—RGEs

: . 2
Higgs parameters are independent of i at all orders

too high dimension

D24 miM> —P D=2 m} . m’ . b

26



Naturalness vs radiative corrections

In M—0 limit MSSM+ 5 —— @ ms
effects of § must decouple >(10 TeV)?2

—RGEs

: . 2
Higgs parameters are independent of 7715 at all orders

too high dimension
2 2 / — 2 2
Dz4 m:M’> —=&p D=2 m; ,m, , b

| _ 2
— Threshold correction E < m;

Not analytic in mjr

Ik M2+ m? | M *m?>
Sm? = M?*1o S Om’ o< S
fea 167 g( M’ :) >< T my

. log-dependence safe at all orders
23 win
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Secretly Soft-breaking

S9§9 l//S 9W§

\/

Lo>—1AH H, +MSF —IMS+c,uM

-Myy.+hc.
mg — OO

S, W, We Lack of O

L>-1AH H,I
— I MS +c uM ¥
-~ My . +hc.

W > ASH H ,+ MSS + c.uMS

Even in presence of

large SUSY breaking...
EFT ~ softly-broken SUSY!

Reintroduce superfield
S/ — ¢S'/ + ng —I— 92F§/

-

@D K.y — 515 — 0262 (M2|S + cspl?)

Weg = ASH,Hyq — 0° (M D*S D,S’)

~N

J

“Semi-soft breaking”

28



Riggs mass

e Potential
V=IAH H,I

2 2
- AHH,+u'(H P+IH,|
M?* +m? M2+m§‘ HMH A, )|

* SM-like Higgs mass

m:  1A;sin2f-2ul P

2 2 2 2
+mg M~ + my

m, = m; yeon (M=) + A7V <sin” 2 v

Radiative corrections: RG-Improved |-loop (A=0)
>>Cosistent with FeynHiggs, within Am=1GeV for MSSM

Yt — Yt (1 + (B¢ + Bs) log Q) A=074, tanf=2, p;=150GeV,
m
t M =1TeV, m; =10TeV, mg =800GeV,

B,=100GeV, A, =0

Q = ¢y, \/777/75(’mt2 + m?)1/2

2% min i



Large SUSY

Sto

breakin m; [GeV]
1000~ T ) s
10*- i
> =
L )
O ] ©)
M3 1000 Dirac NMSSM ms
1037 |
)500 A=0.74, tan3=2
-.3000 Ler=150 GeV
ms=800 GeV
102Jr L ‘ L] | =
102 103 10% 10°
M [GeV]

Dirac NMSSM

2 2 2.2
m, = mh,MSSM(mf)_i_A‘ v {

2

m-

| A, sin23—2u’. I’

sin” 28—

S
M +m

- =
S

|

M*+m;

30

P Mass

m: [GeV]

5T ‘ T T T ‘ T T T ‘ T T

ol /3&)0/ |

/10({/ |

600,/ |

320 400 7

1047 |
7320

NMSSM

A=0.74, tanBf=2
Meff= 150 GeV

L]
10%
M [GeV]

NMSSM

Lo
103

10°

Choose stop mass
so that mp=125 GeV




Tuning level

Tuning measure (bottom-up)

Kitano, Nomura("06)

om; f' ) L |
A = 2h 2 ‘ A — _QmaX m%—f 7m%{d7 iL’ Hg L, 5m%{7 beﬁ :
m h | my, b dln p dln |
H LZIHA:6, 30
dmlzi 1

(3yt2(mgv + mfv)+ lzmﬁ)

dlnu "8’ | .
Gluino contribution is not included

31



Large SUSY

breaking .
Dirac NMSSM
OE IO T Nl
102 r i
104 i
= i
O
O
mg | Dirac NMSSM
: ‘ A=0.74, tan8=2
,ueff:ISOGeV
ms=800 GeV
102+ T ] o H
102 103 10* 10°
M [GeV]
> 20 m; | A, sin28—2u, I’
m, :7’%,1&453M(mf)+/’L VoS zﬁM2+m2 - M2+ m>
S S

Tuning level
NMSSM

L ow-scale
mediation

=6

10°7 n
; A=10%
193
104; -
= -
O
O,
ms NMSSM
103\\\\ L=6
3\20 ’ 1=0.74, tanB=2
: \\\ fer=150 GeV
102+ AN —— i H
10? 103 10% 10°
M [GeV]
2 5 dm%Iu dm%[ 5
A:m—%ma}( <mHu,de, dlnluL, dln/jL75mH’beﬁ

Dirac NMSSM: natural region largely spreads in large SUSY breaking



argesusy  Juning level  Highescale

breakin mediation
5 Dirac NMSSM
Irac NMSSM [=30
1050 T R R 1050 T T T ]
- ¥ ] i A=10"-
rr/frr i | Al
rr/ | I
10—4
104; u P u
> . >
O | | O
mg Dirac NMSSM s NMSSM
103 L=30 - = E
- A=10° A=0.74, tanB=2 ] A=0.74, tanB=2
I / Ueir=150 GeV Leir=150 GeV
1()2+ L] L] e N I
102 10° 10 10 10 10
M [GeV] M [GeV]
2 |A, sin28—2u’. I’ 2 2
2 2 N+ A2 dsin?2 mg Ay eff 9 deu de
My, = My ysey (M) + A7V {sm ﬁM2+m§ M+ m? A= m—%max m%lu,m%d, o L, dln/j L,dm7;, begr

Dirac NMSSM: natural region largely spreads in large SUSY breaking
30 min  max33 win e



Phenomenology



Phenomenology

® Singlets themselves are hard to probe (heavy and
gauge-singlet) =2HDM with low tanf3

[ m2 8% +m%c | | \ (H )
—(m3 +myz —2X\v7)sgcg ML C; +mygsy | L H
M (2percs — Axsg) M2ueges — Axsg) | M2 + m% + A2 Ky
\ —AvM sg —AvMeg | MBg M? —I—m% ) \g )

® Precision of SM-like Higgs, h, and direct search for
heavy doublet-like Higgs, H

A=0.74,tanB=2, u,=150GeV,
M =1TeV, m; =10TeV, m; =300GeV,
B, =100GeV, A, =0
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H direct search

Direct Bound from Higgs search

o | 20— e
- . ] : L=5fb~!(7TeV) +20fb~!(8TeV
bb hh Heavy Doublet Higgs | f (V) #2000 (STeV)
1S > Current Limit
M,=1TeV E |
M,=2 TeV 3 my >260Gev
i Lerr=150 GeV Sé *
4:~_/ 'b 1 O __________________________
i ~ [\ ATLASZZ
= - @ |
- E "‘--.____\~“~\§_ SR |
o | —CMS WW - i
10_3 L i TR & | B \\\H; X \\\\ m k—
200 300 400 . 500 600 700 0.800 . ‘25‘0‘ — ‘3(‘)0‘ - ‘350‘ — 700
my [GeV] my [GeV]
2 2
A\H H,|

Higgs self-coupling & low tanf3
lead to H—hh decay, my >250GeV
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h production and decay

SM-like Higgs

BR/BRgy;

— YV
— WW/Z7

0/0sm

----- ggk
VBF/VH

=
/9]
a4
an
\ —————
M L ~
m I ~~~s-:-:: ____
s 10 bt
n I
<
< I
S 09
0%0 300 200 500 600
mgy [GGV]

700

Bound from Higgs Coupling Measurements

SN LeshOTeV) +20 BTev)

- \ By ,

4 . 20 -

[ \\ |

= \ o o 1
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Due to the mixing, h couplings with bb/TT are lowered

compared to SM Higgs
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Reach in HL-LHC and ILC

Future Reach from Coupling Measurements
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HL-ILC (Showmass)

Future Reach from Coupling Measurements
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40min ' Conclusion

7

® After Higgs discovery at mpjges=125GeV,
naturalness implies new states beyond MSSM

® Higgs couples to Singlets with Dirac mass, Dirac
NMSSM

® Dirac NMSSM presents a possibility that
extremely large SUSY breaking boosts the lightest
Higgs mass while maintaining the naturalness

® Precise Higgs coupling measuremts in HL-LHC
and ILC can probe this scenario
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“PNIMSSM in SUSY limit
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Backup chi-squared dist. and delta-chi-squared dist.

Test of Modeling Exclude parameter
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#® Coupling deviation

o Coupling Ratio relative to the SM s SM-like Higgs
_: ] ! O'/O'SM BR/BRSM
LOSL 2 g\ ggF — 7Y
o * % N\ - VBF/VH —— WW/ZZ
1.00:, V/’_________i::__::iiiiiiiiiiiiiii_‘———— E 1-1::~ _____
- ,.y ] m : “:::::: _____
§< 095 i s 1.0 L e mmmmmm DT TR R Tmm S S
" ] n i
: )
0.90 - b09
: | 0§
085 /i | 00 300 400 500 600 700
080
200 300 400 500 600 700

my (GeV)

45



Backup
RG-improved calculation

Amy, =Mp—Np FeynHiggs
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FIGURE 1. Chargino contributions to C7 g in the MIA. The



